1. Introduction {#sec1}
===============

Amyloidosis is a clinical disorder characterized by extracellular deposition of insoluble abnormal fibrils in a variety of tissues.[@bib1] The fibrils are derived from misfolded proteins that are usually soluble in their native state. Amyloidosis is classified into two major forms, localized and systemic. In localized amyloidosis, intercellular and/or extracellular amyloid deposition occurs in the organ or tissue in which the precursor protein is synthesized. In contrast, in systemic amyloidosis, the deposition is exclusively extracellular, with the precursor protein secretion occurring at a site distant from the major tissues of deposition, usually in multiple organs.[@bib2] Systemic amyloidosis has historically been classified as primary (AL) or secondary (AA), depending on the biochemical properties of the protein itself.[@bib3] AL amyloidosis is generally considered as being idiopathic or caused by multiple myeloma, and is often associated with the deposition of AL amyloid fibrils formed of aggregates of misfolded light chains. In contrast, reactive AA amyloidosis occurs secondary to chronic diseases such as diabetes, rheumatoid arthritis, chronic infections, and inflammatory bowel disease, where elevated serum amyloid A is converted to amyloid fibrils.[@bib4]^,^[@bib5]

In a recent case of amyloidosis encountered by us, amyloidosis was associated with chorioretinopathy, and OCT showed a thick hyporeflective choriocapillaris band in the chorioretinal area.[@bib6], [@bib7] To the best of our knowledge, there are no reports of long-term observation of amyloidosis patients with ocular manifestations in the literature to date. Herein, we present the first report of long-term follow-up of a case of amyloidosis-associated chorioretinopathy by imaging studies, including OCT.

2. Case report {#sec2}
==============

A 47-year-old female patient who had been diagnosed as having systemic amyloidosis secondary to Crohn\'s disease when she was 25 years old presented to the Ophthalmology Clinic with a history of photophobia and impaired color vision. Her baseline best corrected visual acuity (BCVA) was 20/13 in both eyes at the age of 41 years. Corneal amyloid deposits were absent in both eyes on slit-lamp biomicroscopy, and the intraocular pressure was also normal in both eyes. There was no evidence of optic disc edema, peripapillary hemorrhages or cotton-wool spots on fundus examination. However, both eyes showed white deposits along the choroidal vessels ([Fig. 1](#fig1){ref-type="fig"}a and b), which became more and more pronounced with time during the follow-up period, eventually resulting in choroidal atrophy ([Fig. 1](#fig1){ref-type="fig"}c and d). The BCVA then deteriorated gradually to 20/16 by age 42 and to 20/20 by age 45. Subsequently, the BCVA deteriorated to 20/40 in the left eye by age 46 years, and to 20/100 in the left eye by age 47 years, while the BCVA in the right eye has continued at 20/20 until the present. Goldman visual field examination demonstrated bilateral central scotomata, which also appeared to progress over time ([Fig. 2](#fig2){ref-type="fig"}). At the baseline, macula OCT revealed a thick hyporeflective band at the level of the choriocapillaris, but no other abnormalities. However, macular OCT at the final visit revealed an absent ellipsoid zone (EZ), progressive retinal pigment epithelium (RPE) irregularities, and substantial thinning of the outer nuclear layer bilaterally. The central retinal thickness decreased from 145 μm at the baseline to 117 μm at the final visit. The central choroidal thickness and thickness of the hyporeflective band also decreased from 221 μm to 80 μm at the baseline to 166 μm and 68 μm at the final examination, respectively ([Fig. 3](#fig3){ref-type="fig"}).Fig. 1Fundus photographs showing white deposits along the choroidal vessels in both eyes at the baseline (a, b). The white deposits were more pronounced at the last examination (c, d).Fig. 1Fig. 2Goldmann visual field testing demonstrated central scotomata in both eyes at the baseline (a, b) and bilateral enlargement of the scotomata at the last examination (c, d).Fig. 2Fig. 3Macular OCT images at the baseline (a, b) and at the last examination (c, d). Changes in the ellipsoid zone in both eyes are observed, along with atrophy of the outer retina.Fig. 3

Amyloid related abnormalities were found on fluorescein angiography (FA) and indocyanine green angiography (ICGA), which were performed when the patient was 47 years old. FA demonstrated hyperfluorescence in the same location as the pigmentary changes ([Fig. 4](#fig4){ref-type="fig"}b), whilst ICGA demonstrated hypofluorescence in the same region, hyperfluorescent lines along the choroidal vessels, hyperfluorescent pinpoints of leakage, and fleecy lesions in the periphery ([Fig. 4](#fig4){ref-type="fig"}d). Fundus autofluorescence imaging (FAF) also demonstrated patchy hypoautofluorescence at the macula, with hyperautofluorescent streaks ([Fig. 5](#fig5){ref-type="fig"}).Fig. 4FA and ICGA in amyloidosis-associated chorioretinopathy, which were performed when the patient was 47 years old. FA demonstrated hyperfluorescence in the location of the pigmentary changes (a; early phase of FA; b: late phase of FA). ICGA demonstrated hypofluorescence in the same region, hyperfluorescent lines along the choroidal vessels, hyperfluorescent pinpoints of leakage, and fleecy lesions (white arrow) in the periphery (c: early phase of ICGA; d: late phase of ICGA).FA: fluorescein angiography, ICGA: indocyanine greenangiography.Fig. 4Fig. 5FAF images in amyloidosis-associated chorioretinopathy. FAF imaging performed when the patient was 47 years old showed hypofluorescent scattered signals in the posterior pole in both eyes, consistent with the atrophic lesion on fundus examination.FAF: fundus autofluorescence.Fig. 5

3. Discussion {#sec3}
=============

Amyloidosis is known to cause a wide variety of ocular lesions.[@bib8] Common ocular manifestations of amyloidosis include amyloid deposition in the ocular adnexa, conjunctiva, cornea, trabecular meshwork and/or the vitreous, however retinal and choroidal involvement is rare.[@bib9], [@bib10], [@bib11], [@bib12], [@bib13], [@bib14], [@bib15], [@bib16] Histopathological analysis of amyloid deposition in the choroid has been reported in cases of systemic primary amyloidosis.[@bib17], [@bib18], [@bib19], [@bib20]

The authors found amyloid deposits in the choriocapillaris and choroidal vessels, but not in the retinal vessels. Further, the large choroidal vessel walls were thickened due to amyloid accumulation and most of the choriocapillaris in the macula was occluded by amyloid deposits.

In the past, ICGA was adopted for the diagnosis and evaluation of amyloidosis choroidopathy, with reports of the findings in cases of non-familial amyloidosis.[@bib21] Identification of pinpoint, fleecy and streak-like patterns of hyperfluorescence along the choroidal vessels in the late phase of ICGA has been reported, suggesting the presence of deposits in the choriocapillaris stroma, RPE and choroidal vessels. Furthermore, hypofluorescence in the macula in the late ICGA phase, may be suggestive of choroidal vascular occlusion secondary to amyloidosis.[@bib21]^,^[@bib22] These findings are consistent with the findings in our patient reported here.

The specific combination of pachychoroid features and a widened choriocapillaris was first reported by Roybal et al. in a case series of 4 patients with systemic amyloidosis.[@bib7] Characteristic features of amyloid-associated chorioretinopathy on spectral domain OCT include a widened choriocapillaris band, choroidal infiltration and thinning of the outer nuclear layer, and these changes were associated with a decline in visual function. The authors surmise that amyloid infiltration and occlusion may disturb the RPE and photoreceptor function and eventually lead to outer retinal atrophy.

In contrast, in one case of choroidal amyloidosis, supported by the histopathological findings, extensive obstruction of the choriocapillaris was found with sparing of the retinal vessels and intact visual acuity.[@bib23] This patient was asymptomatic, and the overlying retina was reported as morphologically normal.

Therefore, whilst the characteristic chorioretinal changes of amyloidosis-associated chorioretinopathy have been elucidated, the changes in the retinal findings over time have remained unknown.

To the best of our knowledge, ours is the first report of long-term follow-up of a patient with amyloidosis-associated chorioretinopathy; the patient showed gradual visual loss corresponding to the pathological changes over time observed by multi-modal imaging, including macula OCT. Our long-term observations revealed gradual EZ and RPE irregularities along with atrophy of the outer retina.

4. Conclusions {#sec4}
==============

Long-term follow-up of our patient with amyloidosis-related chorioretinopathy suggested that the visual function may be intact at the time of detection of retinal amyloid deposition, and that a number of years may elapse before visual deterioration becomes manifest.
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